SUMMARY Forced oscillometry was used to investigate whether lung injury due to bronchopulmonary dysplasia in eary life caused abnormalities in bronchial calibre or an increase in bronchial responsiveness to histamine at school age. Results were compared with data obtained from healthy children born prematurely and from healthy children born at term. There was a mild increase in frequency dependence of total respiratory resistance in children who suffered from lung injury in early life, which indicates uneven ventilation in peripheral airways. Bronchial responsiveness to histamine in these subjects was normal. No abnormalities were found in the control group. We conclude that lung injury in early life may cause residual abnormalities of peripheral airways. This does not happen in premature babies who do not have respiratory problems in the neonatal period.
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Pulmonary injury during the first years of life when the lungs are growing rapidly,' 2 can induce bronchiolar lesions that may interfere with alveolar and vascular growth.3 4 Some investigators have found a high incidence of long term pulmonary sequelae in premature babies with idiopathic respiratory distress syndrome, 5-8 whereas others have found few residual pulmonary abnormalities. '3-'5 In this study we looked for indicators of long term airway damage-that is, abnormal respiratory resistance and frequency dependence of resistance-and for bronchial hyper-responsiveness to histamine in 15 children who had idiopathic respiratory distress syndrome with bronchopulmonary dysplasia as neonates, and in 15 children who were born prematurely but did not have idiopathic respiratory distress syndrome.
Subjects and methods
We investigated two groups. Group 1 comprised 15 children aged 3-3 to 10-6 years (mean 6-3) who were born prematurely at gestational ages of 26 to 34 weeks (mean 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, and 26 2-5, 5, 10, 20, 40, 
Results
Six of the children who had bronchopulmonary dysplasia had persistent symptoms at the time of investigation; one (case 6) had symptoms induced by exercise. Two had symptoms that disappeared after the age of 4 (cases 7 and 8). Seven children never had symptoms after their discharge from hospital (table 1) . There was no difference in the mean age at the time of investigation between children with and without symptoms. None of the children who had not had idiopathic respiratory distress syndrome had a history of past or current respiratory symptoms (table 2) . Three children who had bronchopulmonary dysplasia (20%) and three children who had not had idiopathic respiratory distress syndrome (20%) had a first or second degree relative with asthma or hay fever.
Of the six children who had bronchopulmonary dysplasia with current symptoms Rrs6 was increased in three. Decreased dRrs/df values were found in four. Of the nine children without current symptoms, Rrs6 was increased in one and dRrs/df was decreased in two (figure, These studies also reported a higher incidence of dvsfunction when idiopathic respiratory distress syndrome had been complicated by bronchopulmonary dysplasia. In children with asthma, both airway obstruction and bronchial hyperresponisiveness are independent indicators of chronic lung disease. ' Our purpose was to investigate the incidence of these indicators in children who had had idiopathic respiratory distress syndrome with bronchopulmonary dysplasia. We therefore compared children of school age who were born prematurely and had idiopathic respiratory distress syndrome with severe bronchopulmonary dysplasia, with children born prematurely who had not hiad idiopathic respiratory distress syndrome.
We have used forced oscillation to distinguish between central and peripheral airway obstruction. Forced oscillation measurements can be obtained in children from about 21/2 years of age because only passive cooperation is needed. The within subject reproducibility of consecutive forced oscillation measurements is similar to that of forced expiratory flow volume curves. 23 Forced oscillation appears to be as sensitive in measuring bronchial hyperresponsiveness as FEV.2-3 The results of forced oscillation testing showed that central and peripheral airway function were abnormal in most children with current symptoms. Of the children who were free of symptoms, however, one had abnormal measurements.
Many children who had no respiratory symptoms after having had bronchopulmonary dysplasia had values of dRrs/df thatt were at the lower limit of the normlal range. This resulted in a significantly lower mean dR,s/df than in the healthy controls born at term from the reference population'9 and in children who were born prematurely but did not have idiopathic respiratory distress syndrome. This suggests that idiopathic respiratory distress syndrome and bronchopulmonary dysplasia may have caused subtle damacge to peripheral acirways that has not been shown by previous studies.
Premature birth not followed by idiopathic respiratory distress syndrome did not result in abnormal lung function according to the indicators used in this study. Although the premature babies who did not develop idiopathic respiratory distress syndrome were on average four weeks more mature at birth th,an those with idiopathic respiratory distress syndrome, it seems unlikely that this difference has influenced our results.
Our findings about central airway function are in agreement with those in most other studies.9-Peripheral airway function has not to our knowledge been assessed. There was no difference in the incidence of bronchial hyper-responsiveness between children who had bronchopulmonary dysplasia, irrespective of current symptoms, and children born prematurely who had not had idiopathic respiratory distress syndrome. Our results are therefore different from those of Smyth et al? Bertrand et al, and Wheeler et al,7 all of whom found a high incidence of slight to moderate bronchial hyper-responsiveness after idiopathic respiratory distress syndrome or bronchopulmonary dysplasia. Our findings indicate that prematurity or severe lung injury in early life do not lead to the degree of bronchial hyper-responsiveness that is commonly seen in children with asthma. 24 Todisco et al found that the responsiveness to methacholine in premature infants and in survivors of idiopathic respiratory distress syndrome was within the normal range by school age.2" It is not clear why some children in this study had bronchial hyper-responsiveness. There was no association with a family history of asthma in first or second degree relatives, nor with baseline airway calibre, though bronchial hyper-responsiveness has been associated with atopy.27 We were unable to study atopy, but because three of the four children with bronchial hyper-responsiveness had no current symptoms atopy seems unlikely. Rrs6, or dRrs/df. It is therefore unlikely that immaturity of the respiratory system without injury will lead to abnormal development of the airways. Our data do not allow us to differentiate between bronchopulmonary dysplasia and uncomplicated idiopathic respiratory distress syndrome as causes of airway damage because only children who suffered from bronchopulmonary dysplasia were included in the study. In the light of the findings in prematurely born children who did not develop idiopathic respiratory distress syndrome, however, we speculate that the severity of lung injury is an important determinant of the risk of long term airway damage. We also conclude that bronchial hyper-responsiveness was not a feature of children with idiopathic respiratory distress syndrome and bronchopulmonary dysplasia.
Whether treatment of respiratory symptoms in children who had severe neonatal lung damage will have an effect on airway function later in life is unknown. In view of our findings and those of others, it can be speculated that such treatment should be recommended.
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